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1 

immmm 

mm 1 ] Ti^iijvt-T-{ mmc-f^j 7y7m 

mmmmfi u ^ i onm^mtf^ i <om 

mien u mmmti^xt}-^nx\^^m 1 ^ad 20 
y m^^ib^ibtc7—7)Vtmt^ztr'mmm 

©IT. 2T. 3T©«SM^^ttl;^-r5*iJ^ls)^i:, 

mmmmxtsu m,7V7y7jv(0f^^-y^ 
mLx7V7y7mtiimmi3t^7v 7y7)y 

mmt. 

mE7v7y7mm^tmMmt^xtib. 
7y7)imm^^-(z y^mtc ixmrnmi^^ 
fi/i'/]/t~'f^tm^^mmLxiiitit^^u7x- 30 
mmm&tmt^Ti^i'M-f^t^yif-7x 

ms.m2} 9i>9i\'t-T^tm\z7^)7y7m 
mwmmx.. f^-<7 x-x%m.xm.^^^T 

WAf'J^m-i'^t-<y^~7x~7.m^K-h 
u m%w$'pxi-v'7XT'^^m-T^t^y^-7 
x-7mm%^\^m \ m^mmt. mi^ 
1 m%mm-^%^\cmm^nv ^xnm\^^ m 

y ^x-nm^'fcm 2 (ommmtmt^mu 
m 1 mmm^t^ 1 (DEm*>mm^tf^2 o 
mm^%t^imLxi^ 1 u 

m 1 OSIii7SSt#^i:ll2 Ofr^ fe^f ^i:^ 2 <0 

mn^mmt^m uts 2 y u-t^^* 

«6> ^l^+tU-f^Ox^i^^^tBLTxyi^t^tB 50 
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2 

{i^^ta:'3U ^i©+^y-t^ii^2o+v';-i 

fditcJtL, mmmis^xfit^x\^m\^iB 
^t>7yYm^^'^)brcT-7}\/t\}cm^ztx^ 
mmnm^^KtiU m.7^)7y7m>^^-y^ 

tktiibX707y7)Vm&m^tiifjt^7V7y7)V 

tt!E7v7y7)vmmtmmt:^xtiu 7v 
7y7miiim^^^^ ymmK Lxnm^p e 
'fi^^M-T-<tmmmLxtiit}t^^U7x- 
xmmmf^-^t^T'Jii)Vt-T>(t^y^~7x 

Cli*«3] f'J^}\^ii:-T'^tm\c7')7y7)\yXS 

{^mmmu >U7 x-mmLxmtn^r 
i/^)\/t-r^ y^-7 x-7.m<r>mms 5 1 
m^^xh-^Xs 

^^'r^'J^m-T^ y^-7 x-7.M^^Xti 

tjm timtbmmi^i'mi^U'y^xTi;^)\^ 
:t-T^^4y-^~7x-7.m^n-6m^'tcm 1 <on 

^)Vir-T^iC'< y^~7 x-m^m■hmt^^\c 
mm^uyi^xmm\.^rcm 1 <omnmm^t^ 
mumi mm^m(ox y i^ma lxx y $? 
mm^m u b 1 (Dmmm^t^ 1 mmn 

tst^xyy'mmt. 

mxymmm^x^u mt^misi^xmy 

7vy':fmm3TMmcmt^xymtiim(o 
mmmia u ^^(Dmmy7v y^fmm 2 
^©iffi*^^5*Hc<fcoT. ^y7vy-!fMmm^ 

tffi2x y i;mm tmzmmm t M^-y- 
ymmmmt^x-hL. xymmmi^x-h 
ti^^J:t\zmm^ny^xxy>;mm^■^t^7 
yvLtimms zo^m2'&Lmicnu 
mmi^xtitnx\.^m 1 m^Xs z e itmio'm 
m^mmi^xtiz^x^^m 1 ny^tt^ 
y h0*^tB Lxmm^ uy^ij^y hm^m^ 
y7v ymm.mM^x^sZn^^y7o ymw. 
^^tK^ib^isbrcT-7;vtmt^!itxmm 
on. 21s ziofim^mtitmtm^t. 



3 

mmt. 

7 yrm&m^ ym^vi Lxmmts^ e> 
xm^mtrntifi/^ii^t-r^t^y^-yx 

v^m-r^ii^y9-is.-7>mmmm% 

y^x-nm^^fc^ 2 (ommmtrnt^mu 
^ 1 (Dfjmmntf^ i ©se^i-^sst^t^zto 
timm^tmmbx^ i <d4^^ ';-t^^*46. 
^ 1 (omnmmntw z mmnMn tfS2(o 
mmmtmt^mLxm z o^-^ -m^^ 

Mmmtiu ^i(o^^v-m^tmz(D^^v-m 

y{/mm(OdTE^icmt^:i^yi^mim<o 
Mnfi^mia (omm yfv y^mm z 
mmii^}L')mzi.-^x. ^y7'}y^mmkm 

yYLmnim. z.<omz^Lm\tnu 
mms^xtiti^\x\.^m i ^apa. ^ efcHmfoft^ii 

y V i^^tii LT^J6fc¥^' a 7 y vmmm'^ 
yy^) ymmm^mxmz^^'^y:;^) ymik 
acrtfc5^j6Si6fcx'-7;vi:it®"r ^ c \Lxmiim 

©IT. 2T. 3Tco;i3j£ji^^tHtlt-5*iJ^@i^t, 
MfBif9JSMt*X;bb. m.f')7y•f)V(ry>^9^~y^ 

m^\.x-f^)7y■7mm^^m}t^'f')7y•T)v 
m.-f')7yymm^m%m}L-ikxiiu 
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4 

im<ommm 

[000 1] 

t^y^-yx-xm^mu T'J^A/yt-T^t 
m^^mt^Ti/^ji^-r^^-fyii-yx-xM 
wmm^mt^i><ox&^o 

10 [0 0 0 2] 

immm ay^^^hr^x^ (CD) , Ti^^)V 
t-T^tf-yU^—$^ (DAT) , SXTYX^' 
(MD) rjiEcOri^^jlt-T^tmrSXri^^JlT 

-^om^nomt tr I E c-9 5 8 ^t^'J^i)]/ 
^-T-<t^y^-yx-7.} *^sSo <:©^te©jss 

[0 0 0 3] mQiiT'J^)Vt-T^^^yit-y X- 

(D'^yyv-LtmiMT-'^'mmmis.^Tikbx 

20 1^5, §-9-77U-i:.«3 2lf7b*^5i^^$n, 

2 0lf7b©:t-X'f:t-tJ-yy;l/1ff«, 4^7 h<D 

{#p1flB*^e*§o #*Dlt^ti/^'; T-rxY 77^ Vs 

[000 4] CD^DAT^l+J-yT";!/©^— r^':^■f 
y^^;l/tfe^-v y^-;KD 2 ^-v y;tN;i/*>5 
%50T% ^-V^^H t^-\'*;l/2(D-9-77U-A2"Q 

*m*-pTi-9-yy;i/^SI^U cozoSh.m-:f 
30 7 J: d iri^-y 7'J y ^j^^JKifc^^© i ic 

[ 0 0 0 5 ] 7"'; 7yyMi.BMf^myy u-Ltom 

m^^stfcmii(OX\ a--^rj:A'^-ytt^rc!if> 

ic3T^9tmictts^mn^\ b, m. wosamo 

9 2-9-y:/;i/07'D7^o51^ii^^^;l/i i:^-^*;!/ 

2ii^5^br(/^5o 

[0 0 0 6] t-T'^;i-9-y7;l/m ^{iif'ybfe<fc 

mm^mt^uy x-X'^-mmt^x^':) nt 

40 2T©*T'^^?nTV^«o 

[ 0 0 0 7 ] c Ommc^-^ < {S^^gmt S OSS i: L 
mrM¥l-49 1 7 7^#PjS¥2-7 7 2 0*ifO 
■r 5;^;V:i--T-C y tSr-7 x-;^«^«iilHlSS*<fe 

[0 0 0 8] C©<};5*'(i^5fe<OT>^"^;l/j}-—f^:t'ry 
iS?-7x-7.1^^^IalKfc'OV^TWTfclK^-r5, 

[0 0 0 9] mi oitTi^^}Vt^T^^-<y^-yx 
-xM^mmtmmmmoyo 7 ^st-s 
5o «T> lai ofcUft^^^T^-^ifif^^iiB^-rSo 
50 [0 0 1 0] 1 0 1 ii'^^)7yymmm'&^o x 



5 

i^^)\/t-T■<t■<y■^~yx-xM^s i o o i ©4i 
(03TmmmiiiL-f^)7y7mm^s i oo 

[0 0 11] 1 0 2{iPLL|HlES-eS5o 'f^)7y-f)V 

m^ms. 1 0 0 2.{cfi[ffl*^Dyi'u mmm^ 2^ 

©l^jJB^'D.y^'s 1 0 0 3*ai:^t5. 
[0 0 12] 1 0 3{i/W7x-XtillElSS-efe5« IS) 
li'Dy^'s 1 0 0 3^fflV^TTe/*^;V:t-Tf 
^-7x-;^{t^s 10 0 1 ©/W7x-Xasl^?T 

v\ rV^)\fil[-r^ *f ^ s 1 0 0 4 %ai:^tSo lO 

[0 0 1 3] 0 1 1 \.imkmmwk(m'(f^^xy'p 

[0 0 14] l/yzyy/l/^HililKl 0 Itt. r$^^f;l/ 

*-r-/:t-l'yiS'-7x-7.S^s 1 0 0 
PJIiJ:03@V^^M©S*i'D7i7s 1 0 00T'2.5T 

\^xk<f>mwmmi^u yyry^^^i/^ffit^s 1 0 

0 2^ai*)t5. 

[0 0 15] PLLEIKI 0 2{i:VCO^ffll/^T7x>- 
Xav'f'K;!/-:/ (PLL) VC0©32^ 20 

^i::/y7y:/;i/Siail^s 1 002i:«fil[mSLT 

3 2^cDm^O|SI^^P-y^'s 1 0 0 3*tti^)-r5o 
[0 0 16] A^'7x-XfIiSlH]SSf4. [SI^^D-y^'s 

1 0 0 3T-Ti^*^;l':t-x^;i-'l'y^'-7x-X«^^ 

a-5sv>T> ■mtm.-!k>ii.^\. -gcrsft&o^tB 

[0 0 17] «±©<fcpfc, -y^yTyfmm^x^xr 
-xlitt|pi^t?c^p>>^^4fiitt5i:i:-e-'':'('7x 30 

[00 1 8] 

[^BMmb<J:a^t5S®] L*>t%A^&, ±8Bt 

i'^^fiK-r^fcfetPLL^^igNST'fet). VCO-^D- 
^U7w;l'^«:H07tP^lHlK*^^Sn«c $fc. S 
p 7 i: P L L p <y ^> i: 2 ^©#|WISB% a 

t*H}c|ilti:=S:oTV>fto 40 

[0 0 19] *^^a±tet^*©isi%M?*t.5t<D 

y^-7x-Xt#i:{iiJ^-rbtra^U*v>J±K«iEv> 

Il2SI!f©S¥i'p>y^'T\ f'J9m-r^-^-{y9- 

[0 0 2 0] 

[KII^<!l?}*-r5/c46(D?IS] i:©i6<I^lfigt5fci6 

ti:*5l?l©f-y^;i/t-T'<;^--i'y^-7x-;^{i^^ 
^iHlSStt^ SiPi'P'y^'©iEtM;5i©xyi?-?TS^^;l/ 50 
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r^'t-f'yi5r-7x-;^fif©X7>?^ai^ffl/\ 
C (DW^l*^ t.g¥;5' D y ^7 O^i? P 7 ^ A •> y h fit 

«^i6. TL(r>ii^yvm^h'f-'7mm.\Li.'^x''m 

[00 2 1] 

^f-7x-x^i^ig^[HiKtt, m.rv^m-T<-^ 

Lrj:\,^m^ay'>r'Ti^ii')Vt-T-{t-(y'$'-7x 

P y^O^m^ P -y ^ X'T'J9}]/t-7'^ t>( y^- 

7 x-X^^^flr-efet ^ ^fcgJp^ P ^T-fJSSl^ 

^xj^ymtam^ij'^pyhLm^^ib. nm^ 

i%§It>fc*^P7^*'>yh<i*^tBU ¥^uy^ 

^^yhm^^it>mtbrcT--:^)Vtmt^ c ii-e^i^ 
jiSB©iT> 2T. simim^mtit^pmE^ 
t. mmmm^ktiu tamfVTy^fKD^^^- 
ymia jy^mmmmtit^'/vry 
fmiamt. tamf VTyrjimmmmm 
t^xtiu f'jjyyjmmm^^^s.y^/mic 
Lx'^m.mf}-^^Ti^^)V:^-T^tM^mmLXiii 

[0 0 2 2] Sfc, :^^m<Ofi^^)]yt'-f-^t^y'$f 

^/i/^t— f :t^y^^-7x-x<i^;&fi-^Jfev>fcB 1 

y^-y x-xinmn-^m^^xf^ t^icmi^^y ^x 
mm^^^m i mmifjmtmnt. b i mmt> 

Rmmmtmtm 2 oymmmt^mhxm 
x^^(r>^^^}~^^■^i^^. Bi©4^-\'y-ii^ox 

7 i^-^m bTx 7 'jm!,m-^\i:>ti um\<o^M') 
-mtm 2 <; i: (0#«iia»* t-ofz 
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^X':jiymdim^ti^yh Ltm^^ib. com 

x'mm<on. 2T. 3i(oPim^mt)t^p} 
m^t. mi,mt.m^xiju tuiB/u7y:/;i'0 lo 

ixtiitit^^U7ji~xm^m^t^^t?>o 
[0 0 2 3] ttc. ^^moTi^^jvt-T^t^y^ 

y^-7x-xm^xtiu km^om^^m^^ 

\t^^^^T:i-j^Xfi/^A/t-f^t-^y^-7x'-7. 20 

1 (OKmmm^t^mu ^ i (otjmm^ 

y y^r&m 3 it^ttist 5x7 i^^tbi^oi 
^*i^^ttiL. ^^(Dmmyfvy':fmm2i^ so 

mmmmtmE^yyv ymmmmt^ 

ktU :i^ymtiimt!^kti-£n^::tlcmEm^ 
Uv'P T'X y i^tltilfi^^;^ -J; > h Uz.mm. H © 

m 1 D 7 ^7 y m^gtti Lxmtc 
^i^u-y^^'yym^mi^yxvyifMm.mM 
^x^^-^n^'^yfvyifm^ttic'^tb^ibrcT- io 
7!i^timt^ctX'mm^m(on. zt. stow 

mi'^V7y:fjV(D/i^'-y^m LX-/V 7 yfm 

&mmtit^:^v7yfmm^t. mmxv7 
y^mmmtmrn^t^ktiu •/V7yfm 
mm^-( 5 ymmic Lxmrnmi-^ibr^y^iiyt 
-T^tmmmLxmtit^fuyx-xmmm^ 

[0 0 2 4] ttc. ip.w^(r>T*J9m-T'ii^-(y9 
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y^~7x-xm-^ktiLs mtim^xiy^xf'j 
^m-r-i y^-7x-7.mmm^^r!Lfs 1 

y^-7x-x^^■^n%w^^xt^i>Km^ny^x 
mm-Tzf^ 1 oymmm^mts s 1 ©ssgir^ 
mm^t^Km^ u y^X'mm^^mz<r>m 

mmmtrnf^zommmf^mLxw. 

2 ff)n%mmt% 2 ow.m'^mmt^tm l 
x^z(o^^ 'J -m^s^^. % 1 'J -mox 

-ii^ 2 y -t^ J: ©gmWiiafi3% i o fe 

mi^ymm^^ktjb. mmti^mri^xo) 
^y-y^) yifmmmo s i^^tw^t sx-y i;mm 
^mm^mtau ^^mmmy:fvyirMm 

^tnfsmmmmmm^yfv ymmmm 

^t^kti U X >y s^'Mtiim*^;^)? c: t IcME 

m^uy^x:L y iPmm^ti'O y y wm-^ 
«>, cm^z^LmK^h. mmmmktit 
tiTt/^nff 1 ti^itmmr^iif^mmt'^kti 

T^iifeit^^J'n y<7fi'0yYm^mmy:f') ym^ 

S)fcT-y;l/i:l±i?-rs<: fcT«jim<D it. 2 Ts 
ktiU mE-fV7y'X?V<Df^i'--y^mLXfV7 

y/)vmMn^Bitit^-7'V7y7)i'mm^t. tn 
Ef07yf)\^mM^mm^t^ktiu f07 
y:r)imm^^'< 5 y^/mic Lxmrnm-^^r 

e;^;I/*-T tTffl:^1-§/W 7 x-X 

[0 0 2 5] txTs mmmmmmico\,^x. mm 

T'j^m~f^ y^-7x-xmmmm<Df 
aymx^^o WT. mucLrct^^x^oWimm 

[00 2 6] Uix •yv'^ffllsI^T^ 5, S^^^ny^ 
s 1 0 0(O]EXyi/Xfi^^)\/t-f>(:^@^s 1 0 1 

(os.yi;miiibrc:iiymm^s lozt. m^^ 

viyifsi oooy'ik^icTi^ii)Vt-f^t'<y^-7 
x-XiM^s 1 0 l(OJ:yi^iS'$>'DtzZt^^t^im 

[0 0 2 7] zmi^mm-^^o jiyi^mm^s i 
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fcitii^tsci^T'^n^ni 2T^ aT^fjsu 
[0 0 2 8] 3tt:/ury:/;i/twiai^Tfe5. it^ 10 

2 T, 3 TOl^mms 1 0 3 113, 331 

K 3 2 1 2(03mmo\.^tnt'^(op]^mmmt 

[0 0 2 9] AiiA^yx-xmmm-e&^o /U7 

y:/;u^llifi€s i o 5;&s??{cLt. |ij^€^*^?.2 

[00 30] S?P^'D>y^'fis 1 ooa. re>*^r;Ut- 
T-rt'<y^-7x-X€^s 1 0 1 ©1/J«^«8 20 

(IT) o¥^J:D]l?v^ftjt©SiSaT'j:Oo ffil^ff l 
6 . 9 3 4 4 M H z ©<t a ^: P 7 i'^^^ c: ilJb^T't 

[0 0 3 1] s 2 ttx7 v'^^aiiH]^ 1 ©iEi^0©-tf!i-e 

[0 0 3 2] T$^^;l':i--x^;i-'<y^?-7x-Xffl^ 
s 1 0 l^SP^Dy^s 1 00©iEX7>/'-7fTSSV'' 
fclf^q 1 fcb, S!16^D>y^s 1 OOO^Xyi;!? 
lT-5feV>fcl^^iExyS?7?fI-ettbfcl#%nq 1 
tSi:. X7-:^1^tBM^s 1 0 2ttq 1 i:q l^iEx-y 30 

ft, m■mm^s i o 3ttq i q i tmmm 
[0 0 3 3] ia3ttX7>'*^ttiiais§ 1 mz'mz(fim 

[0 0 3 4] m^Uy^s 1 0 0fc)ltU f'Ji'm 

•p^^T^n^tie, 7. 6, 7, 12©,fcdK:A:^? 40 
n/ctrSo X>y>''^ffi[Hl^lT-{iS2ilt€s 1 OOO 
ix i^T'JT^^V^ftt^ t tx y i^T'fI^tSV>TEX 
yJ^-piT^ffit^^feLfct^tt^n^^nq 1 t n q 1 © 
J^^^Wc^So q l©X'y$;?r^^ffiLftX7->*^fib 
t^s 1 0 2\m(Oi:^\,ZJ.yV>^t\c^tit^^o q 
1 i: n q 1 ©gMteW^aS]*^P.:^i6fet^*^til€^s l 
0 3 ttia© B, C ©J: 5 \cm^ n y i'O^ilifcS^*^ 

[0 0 3 5] fiJ^@K2THi s 1 0 2(0x-y v^W©/!? 

t^yvmc (.i) m^^mm^slo^mv it) so 
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mmmmmmm^ (t-o ^ji^ny 

i^;^'>yh®n (t) it. mx'^xtbn^o 

[0036] n (t) = -p (t-1) 4- 2Xc 

(t) + p (t) 

m *e'yhffl*^3T-^4i^ttif^s \03^t^L'Dt 

3T*m¥^tlit^s lOZmmtL-^rMn^-To C 
©A;^ti:^tUTtt. *'>yh<aA<3T't¥1^tim^s l 

0 3*^ffi:^ioTI/^5fti6n = 6o |SHit, Dt±n = 
7o E{in=12i:*S, uti^mii. 7—7jm^ 
tJ:t)-?-n€ni T. IT, IT, IT, 2T©J:afc 
fiJSl^s 1 0 4 t LTtii;>J$n«. 

[0 0 3 7] miii.yv7y/mm&3 tfuy X 
-xmmm^Aoym'^^^^ymT'^^o mrf. 04 

[ 0 0 3 8 ] 7'; 7 y^mmm 3 s 1 0 

4*>e), 311 3, 3311, 321 2©3ffl3i©V^-f 

1 0 5 fi, /';7>:^;wi^-;y3&^ta-rs i: L 
icrji^. Ti/^m~T-<t-(y'^-7:i.~7.m^<r>z 
8 try h mm^ t h U'^;w<:t5 c fvt^t^o 

[0 0 3 9] /W7x-Xa^|51K4«, yv7y:ffi 

0^, ntt'^zmmx^imtst^ctx^mmf—}':^ 

[0 0 4 0] W±©J;^(c*^B^fc<};n{f, S*i^Dy 

•y^<D^^uy^X'<oii^yhm^^^. coijyyh 

mt'^ibT-ymmc^oxmmmm^tt^ 
T, micbrzii'^^x^mmwmt^o 

[004 1] 51 aZ-fXlijli^txy J^ttteEIffi'?* 

5o SS^^J'Dyi's lOOOE, t. IE©30©Xyi; 
■eri?^;l/;j--T^'*l^s l 0 1 ©xyi/";&^fflbft 

t fcM^Ox 7 'J^mt 5 X «y 
Hlf^s 1 02t, S*^oyi?s 10 0©^, JE, t 
© 3 0©x>y >'T'Ti^'5';l/:t-f -f ^i-'l' >':5?-7 x-X 

€f s 1 0 \(OJiyi>-^i^\^Lrcm^$'WmmLtL 

mis' 5x X y imt<0^mWI^^ D y s 1 0 0 © 

-So 

[0 0 4 2] 5 z\>mmmBm,xh^o 'mis^im 
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ii^xmy-fvyifm^. Bi^Hs 2 kH z. 4 

4.1kHz. 4 8 kHz(D^tl^n03T€ft^g^ 

y/vymm<02^(omt^E^is^ic^^x. 3 2 

kHz*M4.1 kHz*M8kHzA^^^mL-9-y/ 

[00 4 3] zmmmx'hio xy^^igim^s 1 

bfefllt^U ^¥«^tBl^s 1 0 3*^X:'3$nTt^n 10 
[0 0 4 4] 3ii-:fV7yrmmm'&^o 1 t, 

2T. 3T(D!f<JSM^s l0 4*>P)x 3 1 1 3. 33 1 

K 32 1 2©3a®©l^TnA-'i^W^l^??lJ^:ltHit 

Si:y>;7y:/;l/SlllHS€s i o 5^ai:^1-*o 20 

[00 4 5] 4{i;W7x--X«SlilKT$§o fV7 

yz^iimms 1 0 5^s?p{cLT. mmmi'^z 

timtlt?>CtT\ T'J{';Vt-r'^:i^ms 1 0 

10 0 4 61 mi^uy^iis 10 Otis Ti^^?lt~ 
T^t^y^-7x-X^^s 1 0 KDS/hSK^^ 

(1 T) ©i|i»cfcOlV^ffit©^2gS[T'cfcW mtfl 
6 . 9 3 4 4 MH z © J: ^ P >y ^^^3 C fc*^T*t 

30 

[0 0 4 7] S6{i/-<'Xli*#tx>y>?^t±Jlal^5 1 
©lHll^ll<0-ilT'feS, 
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Abstract 
Problem 

When a circuit for demodulating a digital audio interface signal is configured using a 
conventional analog PLL, it creates problems in terms of stability assurance, down-sizing, and 
ease of testing, for example, especially when creating an LSI. 



Means to solve 

Detection circuit 1 that detects the edges of a digital audio interface signal at both the 
positive and negative edges of a reference clock, decision circuit 2 that obtains a count value 
based on the output of said edge detection circuit at a half-clock cycle of the reference clock and 
determines IT - 3T based on said count value by means of table-based decision making, circuit 3 
that detects a preamble, and biphase demodulation circuit 4 that performs biphase demodulation 
based on IT and 2T are provided in order to allow realization of a demodulation circuit without 
using a PLL. 
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Key: S 1 0 1 Digital audio interface signal 

5 1 02 Edge detection signal 
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5 1 04 Decision signal 

5 105 Preamble detection signal 

5 1 06 Digital audio signal 

1 Edge detection circuit 

2 Decision circuit 

3 Preamble detection circuit 

4 Biphase demodulation circuit 



Claims 

L A digital audio interface signal demodulation circuit for demodulating a transmitted 
biphase-modulated digital audio interface signal that is generated by adding a preamble and 
additional information to a digital audio signal, wherein the demodulation circuit is equipped 
with an edge detection circuit that takes the aforementioned digital audio interface signal as an 
input, generates a first penetrated signal by penetrating the digital audio interface signal using a 
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reference clock that has a cycle shorter than one half of the minimum inversion cycle of the input 
signal but is not necessarily in sync with the input signal and a first inverted penetrated signal by 
penetrating the digital audio interface signal using the inverted clock of the aforementioned 
reference clock and further penetrating it using the reference clock, outputs an edge detection 
signal upon detecting an edge of the first penetrated signal, and outputs a second-half detection 
signal by computing the exclusive OR of the first penetrated signal and the first inverted 
penetrated signal; 

- a decision circuit that takes the aforementioned edge detection signal and the 
aforementioned second-half detection signal as inputs, obtains a value by counting edge 
detection signals using the aforementioned reference clock every time an edge detection signal is 
input, adds 1 to the value obtained by doubling said value when a second-half detection signal is 
input or subtracts 1 when the immediately preceding second-half detection signal is input in 
order to compute a half-clock count value, and checks the half-clock count value against a 
prescribed table in order to output a modulation cycle decision signal indicating IT, 2T, and 3T 
for the modulation cycle; 

- a preamble detection circuit that takes the aforementioned decision signal as an input 
and outputs a preamble detection signal upon detecting a pattern of the aforementioned 
preamble; and 

- a biphase demodulation circuit that takes the aforementioned preamble detection signal 
and the aforementioned decision signal as inputs and demodulates the digital audio signal for 
output based on the decision signal while using the preamble detection signal as a timing 
reference. 

2. A digital audio interface signal demodulation circuit for demodulating a transmitted 
biphase-modulated digital audio interface signal that is generated by adding a preamble and 
additional information to a digital audio signal, wherein the demodulation circuit is equipped 
with an edge detection circuit with noise reduction that takes the aforementioned digital audio 
interface signal as an input; generates a first penetrated signal by penetrating the digital audio 
interface signal using the aforementioned reference clock, a second penetrated signal by further 
penetrating the aforementioned first penetrated signal using the aforementioned reference clock, 
a first inverted penetrated signal by penetrating the digital audio interface using the inverted 
clock of the aforementioned reference clock and further penetrating it using the reference clock, 
and a second inverted penetrated signal by further penetrating the first inverted penetrated signal 
using the reference clock; obtains a first carrier by summing the first penetrated signal, the first 
inverted penetrated signal, and the second penetrated signal; obtains a second carrier by 
summing the first inverted penetrated signal, the second penetrated signal, and the second 
inverted penetrated signal; outputs an edge detection signal upon detecting an edge of the first 
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carrier signal; and outputs a second-half detection signal by computing the exclusive OR of the 
first carrier signal and the second carrier signal; 

- a decision circuit that takes the aforementioned edge detection signal and the 
aforementioned second-half detection signal as inputs, obtains a value by counting edge 
detection signals using the aforementioned reference clock every time an edge detection signal is 
input, adds 1 to the value obtained by doubling said value when a second-half detection signal is 
input or subtracts 1 when the immediately preceding second-half detection signal is input in 
order to compute a half-clock count value, and checks the obtained half-clock count value 
against a prescribed table in order to output a modulation cycle decision signal indicating IT, 2T, 
and 3T for the modulation cycle; 

- a preamble detection circuit that takes the aforementioned decision signal as an input 
and outputs a preamble detection signal upon detecting a pattern of the aforementioned 
preamble; and 

- a biphase demodulation circuit that takes the aforementioned preamble detection signal 
and the aforementioned decision signal as inputs and demodulates the digital audio signal for 
output based on the decision signal while using the preamble detection signal as a timing 
reference. 

3. A digital audio interface signal demodulation circuit for demodulating a transmitted 
biphase-modulated digital audio interface signal that is generated by adding a preamble and 
additional information to a digital audio signal, wherein the demodulation circuit is equipped 
with an edge detection circuit that takes the aforementioned digital audio interface signal as an 
input, generates a first penetrated signal by penetrating the digital audio interface signal using a 
reference clock that has a frequency higher than the minimum inversion frequency of the input 
signal but is not necessarily in sync with the input signal and a first inverted penetrated signal by 
penetrating the digital audio interface signal using the inverted clock of the aforementioned 
reference clock and fiirther penetrating it using the reference clock, outputs an edge detecfion 
signal upon detecting an edge of the first penetrated signal, and outputs a second-half detection 
signal by computing the exclusive OR of the first penetrated signal and the first inverted 
penetrated signal; 

- a frequency detection circuit that takes the aforementioned edge detection signal as an 
input, detects the signal width of the edge detection signal equivalent to a 3T signal at all 
sampling frequencies, for which demodulation is necessary, and outputs a sampling frequency 
detection signal based on whether the respective cycles are 2x cycles of the sampling frequencies 
or not; 

- a decision circuit that takes the aforementioned edge detection signal, the 
aforementioned second-half detection signal, and the aforementioned sampling frequency 
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detection signal as inputs; obtains a value by counting edge detection signals using the 
aforementioned reference clock every time an edge detection signal is input; adds 1 to the value 
obtained by doubling said value when a second-half detection signal is input or subtracts 1 when 
the immediately preceding second-half detection signal is input in order to compute a half-clock 
count value; and checks the half-clock count value against a prescribed table for each sampling 
frequency indicated by the aforementioned sampling frequency detection signal in order to 
output a modulation cycle decision signal indicating IT, 2T, and 3T for the modulation cycle; 

- a preamble detection circuit that takes the aforementioned decision signal as an input 
and outputs a preamble detection signal upon detecting a pattern of the aforementioned 
preamble; and 

- a biphase demodulation circuit that takes the aforementioned preamble detection signal 
and the aforementioned decision signal as inputs and demodulates the digital audio signal for 
output based on the decision signal while using the preamble detection signal as a timing 
reference. 

4. A digital audio interface signal demodulation circuit for demodulating a transmitted 
biphase-modulated digital audio interface signal that is generated by adding a preamble and 
additional information to a digital audio signal, wherein the demodulation circuit is equipped 
with an edge detection circuit with noise reduction that takes the aforementioned digital audio 
interface signal as an input; generates a first penetrated signal by penetrating the digital audio 
interface signal using the aforementioned reference clock, a second penetrated signal by further 
penetrating the aforementioned first penetrated signal using the aforementioned reference clock, 
a first inverted penetrated signal by penetrating the digital audio interface using the inverted 
clock of the aforementioned reference clock and fiarther penetrating it using the reference clock, 
and a second inverted penetrated signal by fiarther penetrating the first inverted penetrated signal 
using the reference clock; obtains a first carrier by summing the first penetrated signal, the first 
inverted penetrated signal, and the second penetrated signal; obtains a second carrier by 
summing the first inverted penetrated signal, the second penetrated signal, and the second 
inverted penetrated signal; outputs an edge detection signal upon detecting an edge of the first 
carrier signal; and outputs a second-half detection signal by computing the exclusive OR of the 
first carrier signal and the second carrier signal; 

- a fi-equency detection circuit that takes the aforementioned edge detection signal as an 
input, detects the signal width of the edge detection signal equivalent to a 3T signal at all 
sampling frequencies for which demodulation is necessary, and outputs a sampling frequency 
detection signal based on whether the respective cycles are 2x cycles of the sampling frequencies 
or not; 
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- a decision circuit that takes the aforementioned edge detection signal, the 
aforementioned second-half detection signal, and the aforementioned sampling frequency 
detection signal as inputs; obtains a value by counting edge detection signals using the 
aforementioned reference clock every time an edge detection signal is input; adds 1 to the value 
obtained by doubling said value when a second-half detection signal is input or subtracts 1 when 
the immediately preceding second-half detection signal is input in order to compute a half-clock 
count value; and checks the half-clock count value against a prescribed table for each sampling 
frequency indicated by the aforementioned sampling frequency detection signal in order to 
output a modulation cycle decision signal indicating IT, 2T, and 3T for the modulation cycle; 

- a preamble detection circuit that takes the aforementioned decision signal as an input 
and outputs a preamble detection signal upon detecting a pattern of the aforementioned 
preamble; and 

- a biphase demodulation circuit that takes the aforementioned preamble detection signal 
and the aforementioned decision signal as inputs and demodulates the digital audio signal for 
output based on the decision signal while using the preamble detection signal as a timing 
reference. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

The present invention pertains to a digital audio interface signal demodulation circuit that 
receives a digital audio interface signal, which is used to transfer data between digital audio 
equipment, and demodulates a digital audio signal. 

[0002] 
Prior art 

IEC-958 "Digital audio interface" is established as a standard that is used to transfer 
digital data between digital audio equipment, such as compact discs (CD), digital audio tape 
recorders (DAT), and mini-discs (MD). An outline of this standard will be explained below. 

[0003] 

Figure 9 is a timing chart showing an outline of the digital audio interface standard. The 
figure shows the configuration of a data unit called a sub-frame used under this standard. Each 
sub-frame is configured using 32 bits; and its contents are a preamble of 4 bits, preparatory bits 
comprising 4 bits, audio sample information comprising 20 bits, and additional information 
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comprising 4 bits. The additional information comprises validity flag V, user bit U, channel 
status C, and parity P. 

[0004] 

Because 1 sample of audio data obtained from a CD or a DAT involve 2 channels, that is, 
a right channel and a left channel, 2 sub-frames from channel 1 and channel 2 are paired up to 
constitute 1 sample, wherein cycles of said 2 sub-frames exactly match the inverse of the 
sampling frequency. 

[0005] 

Preambles are used for showing synchronization among sub-frames during transfer. In 
order for them to have unique patterns, they are modulated to have 3T at the beginning; and the 
beginnings of blocks, channel 1, and channel 2 of 192 samples are indicated using 3 patterns B, 
M, and W in order to synchronize the respective pieces of additional information. 

[0006] 

Biphase mark modulation is applied to the audio sample information, auxiliary bits, and 
the additional information, whereby they are configured with only IT and 2T. 

[0007] 

The digital audio interface signal demodulation circuits present in Japanese Kokai Patent 
Application No. Hei 1[1989]-49177 and Japanese Kokai Patent Application No. Hei 2[1990]- 
7720, for example, are available as circuits that can be used to receive signals that are based on 
said standard. 

[0008] 

This kind of conventional digital audio interface signal demodulation circuit will be 
explained below. 

[0009] 

Figure 10 is a block diagram of a conventional circuit that is used to demodulate a digital 
audio interface signal. Its operations will be explained below based on Figure 10. 

[0010] 

101 represents a preamble detection circuit. It detects a 3T cycle signal within digital 
audio interface signal slOOl and outputs preamble detection signal sl002. 
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[0011] 

102 represents a PLL circuit. The phase is locked to preamble detection signal si 002, and 
sync clock si 003 with a frequency 32 times as high is output. 

[0012] 

103 represents a biphase demodulation circuit. It is used for biphase demodulation of 
digital audio interface signal si 001 using sync clock si 003 in order to output digital audio signal 
si 004. 

[0013] 

Figure 1 1 is a timing chart of operations performed by the conventional demodulation 
circuit. The operations will be explained in detail below based on Figure 1 1. 

[0014] 

Preamble detection circuit 101 detects an inversion interval of 2.5T or longer using 
reference clock si 000 with a cycle shorter than the minimum inversion interval of digital audio 
interface signal slOOl and outputs preamble detection signal sl002. 

[0015] 

PLL circuit 102 constitutes a phase-locked loop (PLL) using a VCO, whereby it performs 
phase comparison between 1/32 cycle of the VCO and preamble detection signal si 002 and 
outputs sync clock si 003 with a frequency 32 times as high. 

[0016] 

The biphase demodulation circuit punches out the digital audio interface signal using 
sync clock si 003, whereby it outputs 0 when a difference exists from the immediately preceding 
[signal], or 1 when they match, in order to output digital audio signal si 004. 

[0017] 

A biphase mark signal is demodulated by generating a clock in sync with the digital 
audio interface signal using the analog PLL upon detecting the preamble in the aforementioned 
manner. 



9 



[0018] 

Problems to be solved by the invention 

However, in the case of the aforementioned conventional digital audio interface signal 
demodulation circuit, a PLL was required in order to generate a sync clock, and a VCO and an 
analog circuit such as a low-pass filter were included. Also, it had another problem of requiring a 
reference clock, a PLL clock, and 2 asynchronous clocks. These requirements are obstacles in 
terms of assurance of stability and reliability, down-sizing, and ease of testing when creating an 
LSL 

[0019] 

The present invention was devised to solve the aforementioned conventional problems, 
and its objective is to present a circuit that allows demodulation of a digital audio interface 
signal using a reference clock with a relatively low frequency that is not necessarily 
synchronized with a digital audio interface signal input without requiring a PLL. 

[0020] 

Means to solve the problems 

In order to achieve said objective, the digital audio interface signal demodulation circuit 
of the present invention is configured in such a manner that the edges of a digital audio interface 
signal are detected at both positive and negative edges of a reference clock, a count value is 
obtained from the resulting output at a half-clock of the reference clock, and a decision is made 
by checking said count value against a table in order to obtain a demodulated output, whereby 
high-precision demodulation can be achieved using only a low-frequency reference clock 
without requiring a PLL. 

[0021] 

Embodiment of the invention 

The digital audio interface signal demodulation circuit of the present invention is 
equipped with an edge detection circuit that takes the aforementioned digital audio interface 
signal as an input, generates a first penetrated signal by penetrating the digital audio interface 
signal using a reference clock that has a cycle shorter than one half of the minimum inversion 
cycle of the input signal but is not necessarily in sync with the input signal and a first inverted 
penetrated signal by penetrating the digital audio interface signal using the inverted clock of the 
aforementioned reference clock and further penetrating it using the reference clock, outputs an 
edge detection signal upon detecting an edge of the first penetrated signal, and outputs a second- 
half detection signal by computing the exclusive OR of the first penetrated signal and the first 
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inverted penetrated signal; a decision circuit that takes the aforementioned edge detection signal 
and the aforementioned second-half detection signal as inputs, obtains a value by counting edge 
detection signals using the aforementioned reference clock every time an edge detection signal is 
input, adds 1 to the value obtained by doubling said value when a second-half detection signal is 
input or subtracts 1 when the immediately preceding second-half detection signal is input in 
order to compute a half-clock count value, and checks the half-clock count value against a 
prescribed table in order to output a modulation cycle decision signal indicating IT, 2T, and 3T 
for the modulation cycle; a preamble detection circuit that takes the aforementioned decision 
signal as an input and outputs a preamble detection signal upon detecting a pattern of the 
aforementioned preamble; and a biphase demodulation circuit that takes the aforementioned 
preamble detection signal and the aforementioned decision signal as inputs and demodulates the 
digital audio signal for output based on the decision signal while using the preamble detection 
signal as a timing reference. 

[0022] 

In addition, the digital audio interface signal demodulation circuit of the present 
invention is equipped with an edge detection circuit with noise reduction that takes the 
aforementioned digital audio interface signal as an input; generates a first penetrated signal by 
penetrating the digital audio interface signal using the aforementioned reference clock, a second 
penetrated signal by further penetrating the aforementioned first penetrated signal using the 
aforementioned reference clock, a first inverted penetrated signal by penetrating the digital audio 
interface using the inverted clock of the aforementioned reference clock and fiirther penetrating 
it using the reference clock, and a second inverted penetrated signal by further penetrating the 
first inverted penetrated signal using the reference clock; obtains a first carrier by summing the 
first penetrated signal, the first inverted penetrated signal, and the second penetrated signal; 
obtains a second carrier by summing the first inverted penetrated signal, the second penetrated 
signal, and the second inverted penetrated signal; outputs an edge detection signal upon 
detecting an edge of the first carrier signal; and outputs a second-half detection signal by 
computing the exclusive OR of the first carrier signal and the second carrier signal; a decision 
circuit that takes the aforementioned edge detection signal and the aforementioned second-half 
detection signal as inputs, obtains a value by counting edge detection signals using the 
aforementioned reference clock every time an edge detection signal is input, adds 1 to the value 
obtained by doubling said value when a second-half detection signal is input or subtracts 1 when 
the immediately preceding second-half detection signal is input in order to compute a half-clock 
count value, and checks the obtained half-clock count value against a prescribed table in order to 
output a modulation cycle decision signal indicating IT, 2T, and 3T for the modulation cycle; a 
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preamble detection circuit that takes the aforementioned decision signal as an input and outputs a 
preamble detection signal upon detecting a pattern of the aforementioned preamble; and a 
biphase demodulation circuit that takes the aforementioned preamble detection signal and the 
aforementioned decision signal as inputs and demodulates the digital audio signal for output 
based on the decision signal while using the preamble detection signal as a timing reference. 

[0023] 

In addition, the digital audio interface signal demodulation circuit of the present 
invention is equipped with an edge detection circuit that takes the aforementioned digital audio 
interface signal as an input, generates a first penetrated signal by penetrating the digital audio 
interface signal using a reference clock that has a frequency higher than the minimum inversion 
frequency of the input signal but is not necessarily in sync with the input signal and a first 
inverted penetrated signal by penetrating the digital audio interface signal using the inverted 
clock of the aforementioned reference clock and further penetrating it using the reference clock, 
outputs an edge detection signal upon detecting an edge of the first penetrated signal, and outputs 
a second-half detection signal by computing the exclusive OR of the first penetrated signal and 
the first inverted penetrated signal; a frequency detection circuit that takes the aforementioned 
edge detection signal as an input, detects the signal width of the edge detection signal equivalent 
to a 3T signal at all sampling frequencies for which demodulation is necessary, and outputs a 
sampling frequency detection signal based on whether the respective cycles are 2x cycles of the 
sampling frequencies or not; a decision circuit that takes the aforementioned edge detection 
signal, the aforementioned second-half detection signal, and the aforementioned sampling 
frequency detection signal as inputs; obtains a value by counting edge detection signals using the 
aforementioned reference clock every time an edge detection signal is input; adds 1 to the value 
obtained by doubling said value when a second-half detection signal is input or subtracts 1 when 
the immediately preceding second-half detection signal is input in order to compute a half-clock 
count value; and checks the half-clock count value against a prescribed table for each sampling 
frequency indicated by the aforementioned sampling frequency detection signal in order to 
output a modulation cycle decision signal indicating IT, 2T, and 3T for the modulation cycle; a 
preamble detection circuit that takes the aforementioned decision signal as an input and outputs a 
preamble detection signal upon detecting a pattern of the aforementioned preamble; and a 
biphase demodulation circuit that takes the aforementioned preamble detection signal and the 
aforementioned decision signal as inputs and demodulates the digital audio signal for output 
based on the decision signal while using the preamble detection signal as a timing reference. 
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[0024] 

In addition, the digital audio interface signal demodulation circuit of the present 
invention is equipped with an edge detection circuit with noise reduction that takes the 
aforementioned digital audio interface signal as an input; generates a first penetrated signal by 
penetrating the digital audio interface signal using the aforementioned reference clock, a second 
penetrated signal by flirther penetrating the aforementioned first penetrated signal using the 
aforementioned reference clock, a first inverted penetrated signal by penetrating the digital audio 
interface using the inverted clock of the aforementioned reference clock and further penetrating 
it using the reference clock, and a second inverted penetrated signal by further penetrating the 
first inverted penetrated signal using the reference clock; obtains a first carrier by summing the 
first penetrated signal, the first inverted penetrated signal, and the second penetrated signal; 
obtains a second carrier by summing the first inverted penetrated signal, the second penetrated 
signal, and the second inverted penetrated signal; outputs an edge detection signal upon 
detecting an edge of the first carrier signal; and outputs a second-half detection signal by 
computing the exclusive OR of the first carrier signal and the second carrier signal; a fi^equency 
detection circuit that takes the aforementioned edge detection signal as an input, detects the 
signal width of the edge detection signal equivalent to a 3T signal at all sampling frequencies for 
which demodulation is necessary, and outputs a sampling fi-equency detecfion signal based on 
whether the respective cycles are 2x cycles of the sampling frequencies or not; a decision circuit 
that takes the aforementioned edge detection signal, the aforementioned second-half detection 
signal, and the aforementioned sampling frequency detection signal as inputs; obtains a value by 
counting edge detection signals using the aforementioned reference clock every time an edge 
detection signal is input; adds 1 to the value obtained by doubling said value when a second-half 
detection signal is input or subtracts 1 when the immediately preceding second-half detection 
signal is input in order to compute a half-clock count value; and checks the half-clock count 
value against a prescribed table for each sampling frequency indicated by the aforementioned 
sampling frequency detection signal in order to output a modulation cycle decision signal 
indicating IT, 2T, and 3T for the modulation cycle; a preamble detection circuit that takes the 
aforementioned decision signal as an input and outputs a preamble detection signal upon 
detecting a pattern of the aforementioned preamble; and a biphase demodulation circuit that 
takes the aforementioned preamble detection signal and the aforementioned decision signal as 
inputs and demodulates the digital audio signal for output based on the decision signal while 
using the preamble detection signal as a timing reference. 



[0025] 

Embodiments of the present invention will be explained below with reference to figures. 
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Embodiment 1 

Figure 1 is a block diagram of a digital audio interface signal demodulation circuit in an 
embodiment of the present invention. Its operations will be explained below according to 
Figure 1. 

[0026] 

1 represents an edge detection circuit. It outputs edge detection signal si 02 that indicates 
that edges of digital audio signal slOl are detected at positive edges of reference clock si 00 and 
second-half detection signal 103 that indicates that edges of digital audio interface signal slOl 
are found in the second half of reference clock si 00. 

[0027] 

2 represents a decision circuit. It obtains a count value of edge detection signal intervals 
using reference clock si 00 every time edge detection signal si 02 is input, adds 1 to the value 
that is obtained by doubling said value when second-half detection signal sl03 is input, and 
furthermore subtracts 1 when the immediately preceding second-half detection signal is input in 
order to compute a half-clock count value. It determines IT, 2T, and 3T by checking said half- 
clock count values against a prescribed table, for example, 4-9, or 10-15, and 16-22, in order to 
output decision signal si 04. 

[0028] 

3 represents a preamble detection circuit. It outputs preamble detection signal si 05 when 
it detects one of 3 kinds of decision signal strings, namely, 31 13, 331 1, or 3212, from decision 
signal si 04 indicating IT, 2T, and 3T. 

[0029] 

4 represents a biphase demodulation circuit. It outputs 0 when 2T is input from the 
decision signal, or 1 when IT is output 2 times continuously, with reference to preamble 
detection signal sl05 in order to demodulate digital audio signal sl06 for output. 

[0030] 

Reference clock si 00 may have an arbitrary frequency that is higher than one half of the 
minimum inversion cycle (IT) of digital audio interface signal slOl. For example, a 
16.9344 MHz clock may be used to this end. 
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[0031] 

Figure 2 is an example circuit diagram of edge detection circuit 1 . 

[0032] 

When a signal obtained by penetrating digital audio interface signal si 01 at the positive 
edges of reference clock si 00 is denoted by ql, and a signal obtained by penetrating it at the 
negative edges of reference clock si 00 is denoted by nql, edge detection signal si 02 is 
generated using the exclusive OR of ql and a signal that is obtained by penetrating ql at the 
positive edges. In addition, second-half detection signal si 03 is generated using the exclusive 
OR of ql and nql. 

[0033] 

Figure 3 is a timing chart of operations performed by edge detection circuit 1 and 
decision circuit 2. The operations will be explained in detail below^ with reference to Figure 3. 

[0034] 

Assume that digital audio interface signal slOl is input in the manner indicated by 6, 7, 6, 
7, and 12 counted based on the half-clock of reference clock si 00 with respect to reference clock 
si 00 as indicated by A, B, C, D, and E in the figure. At edge detection circuit 1, the signal that 
penetrates the positive edges of reference signal [sic; clock] si 00 and the signal that penetrates 
the negative edges and penetrates again the positive edges take waveforms indicated by ql and 
nql, respectively. Edge detection signal si 02 that indicates detection of an edge of ql is output 
at each edge as shown in the figure. Second-half detection signal si 03 that is obtained from the 
exclusive OR of ql and nql is output when a transition is present in the second half of the 
reference clock as indicated by B and C in the figure. 

[0035] 

At decision circuit 2, half-clock count value n (t) is obtained from edge interval count 
value c (t) of si 02, value p (t) of second-half output signal si 03, and value p (t - 1) of the 
preceding second-half detection signal using the following equation. 

[0036] 

n(t) = -p(t-l) + 2xc(t) + p(t) 
Here, p is 1 or 0. Thus, because the count value is 3 in response to input A, but second-half 
detection signal si 03 does not rise, n = 6. Because the count value is 3 in response to input B, 
and second-half detection signal si 03 rises this time, n = 7. Because the count value is 3 in 
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response to input C, and both second-half detection signals sl03 rise, n = 6. Similarly, for D, 
n = 7. As for E, n = 12. Theses values are output as decision signal sl04 indicating IT, IT, IT, 
IT, and 2T that are determined using a table. 

[0037] 

Figure 4 is a timing chart of operations performed by preamble detection circuit 3 and 
biphase demodulation circuit 4. The operations will be explained in detail below with reference 
to Figure 4. 

[0038] 

Upon detecting one of 3 kinds of preamble patterns, namely, 31 13, 331 1, or 3212, from 
decision signal si 04, preamble detection circuit 3 outputs preamble detection signal si 05. 
Preamble detection signal si 05 is generated such that it reaches the L level when the preamble 
pattern is detected, and it reaches the H level when the 28th bit of digital audio interface signal 
has passed. An L period becomes a biphase-mark-modulated part. 

[0039] 

Biphase demodulation circuit 4 outputs 0 in response to 2T, or 1 when IT is repeated 2 
times from the place where preamble detection signal si 05 reaches the L level, in order to obtain 
demodulated data. Audio data are separated from said demodulated data in order to output digital 
audio signal sl06. 

[0040] 

As described above, because the present invention is configured such that edges of the 
digital audio interface signal are detected at the positive edge as well as at the negative edge of 
the reference clock, count values are obtained at each half-clock of the reference clock based on 
said outputs, and the demodulated output is obtained from said count values through table-based 
decision making, the demodulation can be achieved using only a low-frequency reference clock 
without requiring a PLL. (Embodiment 2) Figure 5 is a block diagram of a digital audio interface 
signal demodulation circuit in an embodiment of the present invention. It operations will be 
explained below based on Figure 5. 

[0041] 

51 represents an edge detection circuit with a noise-reduction function. It outputs edge 
detection signal si 02 that detects edges of a signal that is determined by a majority vote among 
signals obtained by detecting edges of digital audio signal si 01 at 3 edges comprising a positive, 
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a negative, and a positive edge of reference clock SI 00, and second-half detection signal si 03 
that indicates that the center of edge change is found in the second half of reference clock slOO 
based on a signal that is determined by a majority vote among signals obtained by detecting 
edges of the digital audio interface signal s 101 at 3 edges comprising a positive, a negative, and 
a positive edge of reference clock SlOO. 

[0042] 

52 represents a frequency detection circuit. It detects signal amplitudes of edge detection 
signals that correspond to 3T signals with all sampling frequencies, for example, 32 kHz, 
44.1 kHz, and 48 kHz, that need demodulation, whereby it detects 32 kHz, 44.1 kHz, and 48 kHz 
based on whether their cycles are 2x cycles of the respective sampling frequencies in order to 
output sampling frequency detection signal si 07. 

[0043] 

2 represents a decision circuit. It obtains a signal interval count value using reference 
clock si 00 every time edge detection signal si 02 is input, whereby it adds 1 to the value that is 
obtained by doubling said value when second-half detection signal si 03 is input, or subtracts 1 
from it when the immediately preceding second-half detection signal is input, in order to 
compute a half-clock count value. Then, it checks said half-clock count value against a decision 
table that contains values that are prescribed for respective sampling frequencies indicated by 
sampling frequency detection signal si 07, whereby it determines IT, 2T, and 3T in order to 
output decision signal si 04. 

[0044] 

3 represents a preamble detection circuit. Upon detecting one of 3 kinds of decision 
signal strings, namely, 31 13, 33 11, or 3212, from decision signal si 04 indicating IT, 2T, and 3T, 
it outputs preamble detection signal si 05. 

[0045] 

4 represents a biphase demodulation circuit. It outputs 0 when 2T is input from the 
decision signal, or 1 when IT is output 2 times continuously, with reference to preamble 
detection signal si 05 in order to demodulate digital audio signal si 06 for output. 
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[0046] 

Reference clock si 00 may have an arbitrary frequency that is higher than one half of the 
minimum inversion cycle (IT) of digital audio interface signal si 01. For example, a 
16.9344 MHz clock may be used to this end. 

[0047] 

Figure 6 is an example of edge detection circuit 5 1 with the noise-reduction function. 

[0048] 

A signal obtained by penetrating digital audio interface signal si 01 at the positive edges 
of reference clock si 00 is denoted by ql, and a signal obtained by further penetrating said signal 
at the positive edges is denoted by q2. In addition, a signal obtained by penetrating the negative 
edges of reference signal si 00 and by penetrating it again at the positive edges is denoted by nql, 
and a signal obtained by further penetrating said signal at the positive edges is denoted by nq2. 
Carrier cl is obtained by adding ql, nql, and q2 using a fiill adder; and carrier c2 is obtained by 
adding nql, q2, and nq2 using the full adder. Edge detection signal sl02 is generated using the 
exclusive OR of signals that are obtained by penetrating cl and cl at the positive edges. In 
addition, second-half detection signal si 03 is generated using the exclusive OR of cl and c2. 

[0049] 

Figure 7 is a timing chart of operations performed by edge detection circuit 51 with the 
noise-reduction function and decision circuit 2. The operations will be explained in detail below 
with reference to Figure 7. 

[0050] 

Assume that digital audio interface signal si 01 is input with respect to reference clock 
si 00 as indicated by A, B, C, D, and E in the figure. This shows a case where the signal 
fluctuates at the edges between A and B and between C and D, and a whisker-like noise is 
generated at the center of E. 

[0051] 

In the case of edge detection circuit 51 with the noise-reduction function, the signal that 
penetrates at the positive edges of reference signal [sic; clock] si 00 and the signal that penetrates 
the negative edges and penetrates again the negative edges take waveforms indicated by ql and 
nql, respectively. Signals obtained by further penetrating ql and nql at the positive edges are q2 
and nq2, respectively. Carrier output cl obtained by adding ql, nql, and q2 using a full adder is 
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a majority vote output that reaches H when 2 or more of the 3 signals reach the H level. The 
same holds true of carrier output c2 that is computed from nql, q2, and nq2 using the full adder. 
To provide a little more explanation for better understanding, cl and c2 take the same 
waveforms as those of ql and nql that are obtained when digital audio interface signal si 01 in 
Figure 7 is delayed by one half of the clock with respect to reference clock si 00. This is because 
the aforementioned operations of edge detection circuit 51 with the noise-reduction function are 
equivalent to taking the average of 3 points that are each delayed by one half of reference clock 
si 00, the average of the edges with no noise is placed at a position delayed by one half of the 
clock. Edge detection signal si 02 that indicates detection of the edges of cl is output at each 
edge as shown in the figure. Second-half detection signal si 03 that is obtained using the 
exclusive OR of cl and c2 is output when the average transitions at the 3 points are located in 
the second half of the reference clock as indicated by A, D, and E in the figure. 

[0052] 

At decision circuit 2, half-clock count value n (t) is obtained based on edge interval count 
value c (t) of si 02, value p (t) of second-half detection signal si 03, and value p (t - 1) of the 
preceding second-half detection signal using the following equation. 

[0053] 

n(t) = -p (t-l) + 2xc(t) + p(t) 
Here, p is 1 or 0. Thus, because the count value is 3 in response to input A, and both second-half 
detection signals sl03 rise, n = 6. Because the count value is 4 in response to input B, and only 
preceding second-half detection signal si 03 rises, n = 7: Because the count value is 3 in response 
to input C, but neither second-half value sl03 rises, n = 6. Similarly, for D, n = 7. As for E, 
n=12. 



[0054] 

Frequency detection circuit 52 detects the signal amplitudes corresponding to 3T signals 
of all sampling frequencies that need demodulation from edge detection signal sl02. For 
example, it detects a signal amplitude of 1 1 - 1 5 for 32 kHz and a signal amplitude of 8 - 10 for 
44.1 kHz or 48 kHz. It detects 32 kHz, 44.1 kHz, or 48 kHz based on whether each cycle is a 2x 
cycle of the applicable sampling frequency or not and outputs sampling frequency detection 
signal si 07. Here, an embodiment that utilizes half-clock count value n (t) of decision circuit 2 to 
detect the 3T signals may be adopted. 
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[0055] 

Figure 8 shows an example decision table used by decision circuit 2. Half-clock count 
value n obtained by decision circuit 2 in Figure 7 is determined using a frequency ranging from 
32 kHz to 48 kHz in the table shown in Figure 8 according to sampling frequency detection 
signal si 07 output from frequency detection circuit 52. Assuming 44.1 kHz, for example, IT, IT, 
IT, IT, and 2T are determined using the decision table and output as decision signal si 04. 

[0056] 

The operations of preamble detection circuit 3 and biphase demodulation circuit 4 are 
identical to those in Embodiment 1. Preamble detection circuit 3 detects one of the 3 kinds of 
preamble patterns, that is, 3113, 331 1, or 3212, from decision signal si 04, and outputs preamble 
detection signal si 05. Preamble detection signal si 05 is generated in such a manner that it 
reaches the L level upon detecting the preamble pattern and reaches the H level when the 28th 
bit of the digital audio interface signal has passed. An L period becomes a biphase-mark- 
modulated part. 

[0057] 

Biphase demodulation circuit 4 outputs 0 when 2T is detected, or 1 when IT is detected 2 
times continuously, at the location where preamble detection signal si 05 has reached the L level 
in order to obtain demodulated data. Audio data are separated from said demodulated data in 
order to output digital audio signal si 06. 

[0058] 

As described above, according to the present invention, because an adder circuit is added 
to the edge detection circuit, a digital audio signal can be demodulated correctly even if minor 
noises are present at the edges of the digital audio interface signal or in the middle of the signal. 

[0059] 

In addition, according to the present invention, digital audio interface signals with a 
variety of sampling frequencies can be demodulated by switching the decision table according to 
a 3T cycle of the applicable edge detection signal. In addition, because the table is constructed 
with width, deviations in frequencies and duty-cycles across digital audio signals can be better 
tolerated. 
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[0060] 

Effect of the invention 

As described above, because the present invention is configured such that edge detection 
of the digital audio interface signal is carried out using both positive and negative edges of the 
reference clock, the count value at the half-clock of the reference clock is obtained from the 
resulting output, and because a demodulated output is obtained based on said count value 
through table-based decision making, demodulation can be achieved using only a low-frequency 
reference clock without requiring a PLL. 

[0061] 

Because an analog circuit such as a PLL or LPF is no longer required, a digital audio 
interface signal demodulation circuit with compact circuitry and stable operation can be realized. 

Brief description of the figures 

Figure 1 is a block diagram of a digital audio interface signal demodulation circuit in an 
embodiment of the present invention. 

Figure 2 is a diagram showing an example circuit diagram of edge detection circuit 1. 

Figure 3 is a timing chart of operations performed by edge detection circuit 1 and 
decision circuit 2. 

Figure 4 is a timing chart of operations performed by preamble detection circuit 3 and 
biphase demodulation circuit 4. 

Figure 5 is a block diagram of a digital audio interface signal demodulation circuit in an 
embodiment of the present invention. 

Figure 6 is a diagram showing an example circuit diagram of edge detection circuit 5 1 
with a noise-reduction function. 

Figure 7 is a timing chart of operations performed by edge detection circuit 51 with the 
noise-reduction flinction and decision circuit 2. 

Figure 8 is a diagram illustrating an example of the judgment table of judgment circuit 2. 

Figure 9 is a timing chart showing an outline of a digital audio interface standard. 

Figure 10 is a block diagram of a conventional demodulation circuit used for 
demodulating a digital audio interface signal. 

Figure 1 1 is a timing chart of operations performed by a conventional demodulation 

circuit. 
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Sanders Joan (Princeton) 

FW: English Translation Attached - Your Ref# Japanese 2000-1 05976/PU020292 
JP/BJD(Joan)/Order No. 8564 



Attachments: 



228-120133.pdf 




228-120133.pdf 
(148 KB) 

January 31, 2009 
Joan 

Attached is the English translation of JP 2000-105976 that you wanted for PU020292 JP for 
BJD. 

PLEASE PUT THIS TRANSLATION IN SHARE POINT AND PUT "TRANSLATION" IN THE TITLE. 



Original Message 

From: customerserviceOmcelroytranslation. com 
[mailto :customerservice@mcelroytranslation. com] 
Sent: Tuesday, January 27, 2009 1:33 PM 
To: Fornarotto Davida (Princeton) 

Subject: Translation Attached - Your Ref# Japanese 2000-105976/PU020292 JP/BJD (Joan) /Order 
No. 8564 - Our Job # 228-120133 

Hello Davida Fornarotto, 

Your translated text is attached. Please contact Customer Service 
(customerservice@mcelroytranslation.com) if you have any questions. Thank you. 

TRANSLATION ORDER DETAIL 

Job Number: 228-120133 

Your PO/Ref.: Japanese 2000-105976/PU020292 JP/BJD (Joan) /Order No. 8564 

From : Japane s e 

Into: English 



SHIPPING DEPARTMENT 
McElroy Translation 

910 West Ave., Austin, TX 78701 USA 
512-472-6753 or 800-531-9977 
512-472-4591 fax 

McElroy Translation adheres to and promotes the ASTM International Standard Guide for 
Quality Assurance in Translation. 

CONFIDENTIAL: This communication is CONFIDENTIAL and intended for the above identified 
recipient (s) ONLY. Any distribution or duplication of this communication is prohibited. If 
you have received this email in error, please notify the sender at the telephone number 
above and delete this message and all attachments from your computer. Thank you. 

Files Delivered to davida, fornarotto@thomson.net : 
228-120133.pdf 



Davida 



Job 
Description: 



JP2000105976A 
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